A very simple microscopic model using effective nucleon-nucleon cross sections is used to calculate the relative yields of projectile-like fragments from nucleus-nucleus collisions. Good agreement with reaction cross section measurements is obtained. The enhanced yields of neutron-rich fragments from neutron-rich targets observed experimentally at low beam energies are reproduced only by the inclusion of a neutron-rich nuclear surface. Each fragment mass is produced in a strongly localized region of the distance of closest approach between the colliding nuclei.
I. INTRODUCTION
Soon after beams of heavy ions of 20 MeV/A and 2GeV/A became available from the 88-Inch Cyclotron and the Bevalac at Berkeley, an unexpectedly strong similarity was found between nucleus-nucleus collisions at these two widely different energies(1). In particular, tne yields of projectile-like fragments (PLF), when summed by atomic number, were nearly the same for 20 MeV/A as for 2 GeV/A ions of 160.
When the target was a heavy nucleus such as 208pb , there were nevertheless consistent differences in the yields of individual isotopes; the neutron-excess isotopes were produced in much greater yields at 20
MeV/A than at 2 GeV/A. This difference is shown in Table I . This result has been discussed by Homeyer(3).
Tnus it seems reasonaoly well establisned that tne large extra yields of neutron-riCh isotopes at lower energies are associated with large values of the ratio N/Z of the target. At 2 GeV/A, these extra yields are not observed, even from extremely neutron-rich targets.
It is tempting to associate these observations with the behavior of the nucleon-nucleon cross sections shown in Fig. 1 . At low energies, \i -3-0np is three times larger than ann and 0pp. Therefore, protons from the projectile are more likely to be scattered from target nucleons than are projectile neutrons, when the target has N > Z. The PLF should therefore be proton-deficient and neutron-rich. At -500 MeV (lab) and beyond, 0np becomes approximately equal to ann (opp) so that the Nil ratio of the target is no longer of importance. With the further assumption that the removal of nucleons from the projectile to form the fragment occurs only through these N-N scatterings, it is clear that the trends of the N-N cross sections are in the right direction to account qualitatively for the experimental results shown in Table I . The geometry of the collison is illustrated in fig. 2 . The distance r 1 of the nucleon P from the projectile center was chosen at random in the interval 0-5 fm, well out into the tail of the density distribution for projectiles up to A=20. The projectile density at P was calculated and the choice of r 1 was accepted or rejected in such a way as to reflect the projectile density at P. If it was rejected, another choice of r 1 was made. For an accepted r 1 , the angle Q was chosen in the interval O-~. Then the angle ~ was chosen in the range 0-2w and the lengths rand c were computed. The distance R between P and the target center was then obtained from:-
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The target neutron and proton densities at P were then calculated.
The length Z was next stepped and the target neutron and proton densities recalculated at each new value of R.
If the projectile nucleon is a proton, the probability that it will not scatter from a target proton or nucleon as it moves along the Z-direction is:
For a projectle neutron, the corresponding probability is:-Here, 0n(z) and 0p(Z) are the target neutron and proton densities at each point along the trajectory. The subscripts (p or n) on the cross sections refer in order to the projectile nucleon and the target nucleon. As discussed below, the effective nucleon-nucleon cross sections were allowed to vary with the distances Rand r l of the projectile nucleon from the target and projectile centers. The integrals were evaluated by Simpson's rule in ten intervals of Z from 0 to + 14 fm and then doubled to obtain their values from -14 to +14 fm.
For each probability Pp or P n • a decision was made as to whether or not a scattering ocurred by generating a random number N in the interval O-l/P. If N ~l. a scattering was assumed to have happened.
This procedure was repeated Nl times (neutrons) and Zl times (protons) to obtain the number of protons and neutrons scattered out of Table I The third column of Table I shows the results of a calculation using the same cross sections in which the radius of the neutron distribution in 208 pb was increased relative to the proton distribution by 0.20 fm (14) . The neutron and proton diffusivities were 0.558 and 0.455 fm(15) • The parameters used for 208 pb closely reproduce the ratios of neutron to proton densities from 8 to 12 fm measured by Korner and Schiffer (16) . For 94 Zr , the neutron radius increase was 0.07fm (14) and the neutron and proton diffusivities were 0.569, 0.501 fm (15) . The calculations using a neutron-rich skin reproduce quite well the enhanced yields of neutron-rich fragments that are observed from heavy element targets at 20 MeV/A. Without the neutron skin, only a small enhancement coming from the large N/l ratio is obtained.
N/Z RATIOS IN EJECTILES
The distances of closest approach at which the various mass fragments are made are found to be strongly localized. Light fragments are formed at small distances and heavier ones at larger distances. This result lends strong support to the assumptions that were made in the overlap model (17) . 
